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I . INTRODUCTION
G lu ta m ic  a c i d  and g a m m a-a m in ob u ty r ic  a c i d ,  two 
c l o s e l y  r e l a t e d  amino a c i d s  fo u n d  i n  t h e  mammalian c e n ­
t r a l  n e r v o u s  s y s t e m ,  h a v e  r e c e n t l y  b e e n  i m p l i c a t e d  a s  
p o s s i b l y  p l a y i n g  a c e n t r a l  r o l e  i n  t h e  n a t u r e  o f  o n g o in g  
n e u r a l  p r o c e s s e s .
G lu ta m ic  a c i d  i s  t h e  im m e d ia te  m e t a b o l i c  p r e c u r ­
s o r  o f  g a m m a-am in ob u ty r ic  a c i d  (GABA) (GABA b e i n g  d e c a r -  
b o x y l a t e d  g l u t a m i c  a c i d  -  s e e  A ppend ix )  and b o t h  s u b s t a n ­
c e s  a r e  found  i n  g r e a t  q u a n t i t y  t h r o u g h o u t  t h e  c e n t r a l  
n e r v o u s  sy s te m  ( E l d u s o n ,  G e l l e r ,  Y u w i l e r ,  & E id u s o n ,
1 9 6 * 0 .  GABA i s  fou n d  a lm o s t  e x c l u s i v e l y  i n  t h e  c e n t r a l  
n e r v o u s  s y s t e m  w i t h  r e s p e c t  t o  mammals ( E l l i o t t  & J a s p e r ,  
1 9 5 9 ) .  G lu ta m ic  a c i d  i s  a  n e u r a l  e x c i t a n t  w h e re a s  GABA 
i s  a  n e u r a l  d e p r e s s a n t .  T h i s  h a s  been  e s t a b l i s h e d  by a 
mass o f  p h a r m a c o l o g i c a l  r e s e a r c h .  When g l u t a m i c  a c i d  i s  
a p p l i e d  e l e c t r o p h o r e t i c a l l y  t o  i n d i v i d u a l  n e u r o n s  o f  t h e  
c e n t r a l  n e r v o u s  s y s t e m ,  t h e  s p o n t a n e o u s  f i r i n g  r a t e  o f  
t h e s e  n e u r o n s  i n c r e a s e s .  When GABA i s  a p p l i e d  e l e c t r o ­
p h o r e t i c a l l y ,  t h e  a c t i v i t y  o f  t h e  n e u r o n s  i s  e i t h e r  d e ­
c r e a s e d  o r  b lo c k e d  ( K r n j e v i c  & P h i l l i s ,  1 9 6 1 ) .  I n t r a v e n -  
t r i c u l a r  a d m i n i s t r a t i o n  o f  g l u t a m i c  a c i d  p r o d u c e s  e p i l e p t i ­
fo rm  s e i z u r e s  w h e rea s  i n t r a v e n t r i c u l a r  a d m i n i s t r a t i o n  o f
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GABA r a i s e s  t h e  t h r e s h h o l d  f o r  c h e m i c a l l y  o r  e l e c t r i c a l l y  
i n d u c e d  s e i z u r e s  ( C u r t i s  and W a t k in s ,  1 9 6 5 ) .  A l s o ,  t h e  
s e i z u r e s  f o l l o w i n g  a d m i n i s t r a t i o n  o f  g l u t a m i c  a c i d  c a n  be 
i n t e r r u p t e d  by t h e  s u b s e q u e n t  a d m i n i s t r a t i o n  o f  GABA 
( W i e c h e r t  & H e r b s t ,  1 9 6 6 ) .  V a r i o u s  h y d r a z i d e s  w h ic h  b l o c k  
t h e  d e c a r b o x y l a t i o n  o f  g l u t a m i c  a c i d  t o  GABA w i l l  a l s o  
p r o d u c e  c o n v u l s i o n s  and t h e s e  s e i z u r e s  h a v e  b e e n  c o n v i n ­
c i n g l y  c o r r e l a t e d  w i t h  d e c r e a s e s  i n  b r a i n  GABA l e v e l s  
( K i l l a m  & B a i n ,  1 9 5 7 ) .  H y d r a z i d e  i n d u c e d  s e i z u r e s  c a n  be 
i n t e r r u p t e d  w i t h  i n j e c t i o n s  o f  p y r i d o x i n e  ( v i t a m i n  B ^ ) ,  
t h e  coenzyrae f o r  d e c a r b o x y l a t i o n  w h ic h  h y d r a z i d e s  b l o c k ,  o r  
by v e r y  h i g h  i n t r a p e r i t o n e a l  d o s e s  o f  GABA (K am rin  & Kam- 
r i n ,  1 9 6 1 ) .  A l th o u g h  t h e  b l o o d - b r a i n  b a r r i e r  i s  c o n s i d e r e d  
r e l a t i v e l y  im p e rm e a b le  t o  amino a c i d s ,  enough o f  t h e s e  
c h e m i c a l s  e n t e r  t h e  b r a i n  f o l l o w i n g  i n t r a c a r o t i d  i n j e c t i o n s  
t o  p ro d u c e  c h a n g e s  i n  n e u r a l  a c t i v i t y .  I n t r a c r o t i d  i n ­
j e c t i o n s  o f  GABA p r o d u c e  a  d i m i n u t i o n  o f  s u r f a c e  c o r t i c a l  
p o t e n t i a l s  ( M a r a z z l ,  H a r t ,  & R o d r i g u e z ,  1958)  and t h e  c e s s a ­
t i o n  o f  c o r t i c a l  s e i z u r e  a c t i v i t y  ( H a y a s h i ,  1 9 5 9 a ) .  I n t r a ­
c a r o t i d  i n j e c t i o n s  o f  g l u t a m i c  a c i d  a r e  f o l l o w e d  by con ­
v u l s i o n s  ( H a y a s h i ,  1 9 5 9 b ) .  T o p i c a l  a p p l i c a t i o n  o f  GABA 
t o  t h e  c o r t e x  r e s u l t s  i n  a  d e p r e s s i o n  o f  t h e  s u r f a c e -  
n e g a t i v e  p h a s e  o f  p r im a r y  evoked  p o t e n t i a l s  (Iwama & J a s ­
p e r ,  1957)  w h i l e  t h e  a p p l i c a t i o n  o f  g l u t a m i c  a c i d  p r o d u c e s  
s p r e a d i n g  d e p r e s s i o n ,  p r o b a b l y  b e c a u s e  o f  m a s s i v e
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d e p o l a r i z a t i o n  o f  c o r t i c a l  n e u r o n s  ( P u r p u r a ,  G i r a d o ,
S m i t h ,  C a l l a n ,  & G r u n d f e s t ,  1 9 5 9 ) .
B e c a u se  o f  i t s  i n h i b i t o r y  p r o p e r t i e s  w i t h  r e s p e c t  
t o  n e u ro n  a c t i v i t y ,  GABA h a s  been  c o n s i d e r e d  a  p o s s i b l e  
i n h i b i t o r y  t r a n s m i t t e r  s u b s t a n c e  (McLenna, 1 9 6 3 ) .  T h i s  
i d e a  h a s  f a l l e n  i n t o  d i s f a v o r  s i n c e  GABA, and g l u t a m i c  
a c i d  a s  w e l l ,  do n o t  f i t  t h e  c r i t e r i a  f o r  s y n a p t i c  t r a n s ­
m i t t e r s  and hav e  b e e n  shown t o  p r o d u c e  t h e i r  e f f e c t s  
w i t h o u t  i n t e r a c t i o n  w i t h  s y n a p t i c  e v e n t s .  The c h e m i c a l s  
may p ro d u c e  t h e i r  e f f e c t s  by a l t e r i n g  t h e  membrane p e r ­
m e a b i l i t y  o f  n e u r o n s  w i t h  r e s p e c t  t o  sod ium ,  c h l o r i d e ,  or  
p o t a s s i u m  i o n s  s o  a s  t o  c h an ge  membrane c o n d u c t a n c e  w i t h ­
o u t  c h a n g i n g  membrane p o t e n t i a l  ( C u r t i s  & W a t k in s ,  1 9 6 5 ) .  
GABA d o e s  n o t  b l o c k  n e u r o n  a c t i v i t y  b u t  o n l y  makes n e u ro n s  
l e s s  e x c i t a b l e ;  g l u t a m i c  a c i d  d o e s  n o t  f i r e  n e u r o n s  b u t  
m e r e ly  makes them more e x c i t a b l e  ( K i s h i d a  & K a k a ,  1 9 6 7 ) .
E l l i o t t  and  van  G e ld e r  (1 9 58 )  f i r s t  d i s c u s s e d  t h e
p o s s i b i l i t y  t h a t  t h e  b a l a n c e  o f  GABA and g l u t a m i c  a c i d
l e v e l s  i n f l u e n c e  t h e  l e v e l  o f  n e u r o n a l  a c t i v i t y  i n  t h e
c e n t r a l  n e r v o u s  s y s t e m .  McLennan (1 9 6 3 )  p o i n t e d  o u t  t h a t ,
The p i c t u r e  i s ,  t h e r e f o r e ,  t h a t  t h e s e  p a i r s  o f  
a c i d s ,  o f  w h ic h  t h e  d e p r e s s a n t  member i s  t h e  
d e c a r b o x y l a t e d  c o u n t e r p a r t  o f  t h e  e x c i t a t o r y  
compound, may f u n c t i o n  a s  h u m o ra l  r e g u l a t o r s  
o f  t h e  g e n e r a l  l e v e l  o f  e x c i t a b i l i t y  o f  c e n t r a l  
n e u r o n s ,  and  t h e  b a l a n c e  i n  t h e i r  l e v e l s  c o u ld  
e x e r t  a  w id e  m ea su re  o f  c o n t r o l  / p .  1 0 0 7 .
McLennan m e n t i o n s  " p a i r s  o f  a c i d s "  b e c a u s e  w h i l e  g l u t a m i c
h
a c i d  and i t s  c o u n t e r p a r t  GABA a r e  fo u n d  i n  t h e  b r a i n  i n  
g r e a t  q u a n t i t y ,  o t h e r  amino a c i d s  w i t h  s i m i l a r  p r o p e r t i e s  
a r e  a l s o  found  t o  some e x t e n t .
I t  h a s  r e c e n t l y  b e en  shown t h a t  t h e  r a t e  o f  r e ­
l e a s e  o f  GABA from c a t  c e r e b r a l  c o r t e x  i n c r e a s e s  when t h e  
EGG ( e l e c t r o c o r t i c o g r a m )  shows an u n a r o u s e d  c o r t e x  w h i l e  
t h e  r e l e a s e  o f  g l u t a m i c  a c i d  f rom t h e  c o r t e x  i n c r e a s e s  
when t h e  c o r t e x  i s  i n  an a r o u s e d  s t a t e  ( J a s p e r ,  K han ,  & 
E l l i o t t ,  19&5)* The a c t i v i t y  o f  t h e s e  s u b s t a n c e s  a t  l e a s t  
w i t h i n  t h e  c o r t e x  h a s  t h u s  been  shown t o  c o r r e l a t e  w i t h  
n e u r a l  a c t i v a t i o n .
T h e r e  i s  much e v i d e n c e  t h a t  t h e  a c t i v i t y  o f  g l u ­
t a m ic  a c i d  and GABA c o r r e l a t e s  w i t h  b e h a v i o r a l  a c t i v a t i o n .  
I n t r a v e n t r i c u l a r  i n j e c t i o n s  o f  GABA a r e  known t o  d e p r e s s  
a c t i v i t y  o f  m ic e ,  c a t s ,  and dogs  ( C r a w f o r d ,  1963 ;  J o h n ,  
K i l l a m ,  W enzel ,  & T s c h i r g i ,  I 9 6 0 ;  P u r p u r a ,  e t  a l . ,  1959 ;  
W ie c h e r t  & H e r b s t ,  1 9 6 6 ) .  T h ese  r e p o r t s  a r e  s im p ly  t h e  
g r o s s  comments o f  p h y s i o l o g i s t s  and c o n s i s t  o f  s u c h  s t a t e ­
m ents  a s ,  GABA " p ro d u c e d  l o s s  o f  m u s c le  t o n e  and g r o s s  
I n c o o r d i n a t i o n  o f  movement. The a n im a l s  w ere  u n a b l e  t o  
r i g h t  t h e m s e l v e s  i f  p l a c e d  on t h e i r  b a ck  o r  s i d e s ,  and 
t e n d e d  a f t e r  a  s h o r t  p e r i o d  t o  f a l l  a s l e e p  ( C r a w f o r d ,  1 9 6 3 ,  
p .  l W t ) M; o r ,  " F o l l o w i n g  t h e  i n j e c t i o n  o f  GABA a c e r t a i n  
i n e r t i a  and l a c k  o f  d r i v e  was n o t e d  ( W i e c h e r t  & H e r b s t ,  
1 9 6 6 ,  p .  6 0 ) . "  P e r i p h e r a l  i n j e c t i o n s  u s u a l l y  hav e  l i t t l e
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e f f e c t  b e c a u s e  o f  t h e  r e l a t i v e  I m p e r m e a b i l i t y  o f  t h e  b l o o d -  
b r a i n  b a r r i e r  t o  GABA ( v a n  G e ld e r  and E l l i o t t ,  1953)  b u t  
p e r i p h e r a l  i n j e c t i o n s  o f  GABA t r a n s a m i n a s e  i n h i b i t o r s  su c h  
a s  a m i n o o x y a c e t i c  a c i d  and h y d r o x y la m in e  w i l l  p r e v e n t  t h e  
breakdown o f  GABA i n  t h e  c e n t r a l  n e r v o u s  sy s te m  t h u s  
r a i s i n g  b r a i n  l e v e l s  o f  GABA ( B a x t e r  <§c R o b e r t s ,  I 9 6 0 ;  
W a l l a c h ,  1 9 6 1 ) .  I n  t h e  c a s e  o f  e i t h e r  d r u g ,  l e t h a r g i c  b e ­
h a v i o r  was s a i d  t o  o c c u r  c o n c o m i t a n t l y  w i t h  t h e  e l e v a t e d  
GABA l e v e l s  ( B a x t e r  & R o b e r t s ,  I 9 6 0 ;  van  G e l d e r ,  1 9 6 5 ) .
One s t u d y  ( J o h n  e t  a l , ,  I 9 6 0 )  r e v e a l s  t h a t  i n t r a v e n t r i c u -  
l a r  GABA i n j e c t i o n s  i n  c a t s  do  n o t  a f f e c t  e s t a b l i s h e d  con­
d i t i o n e d  a v o i d a n c e  r e s p o n s e s  b u t  i n c r e a s e  t h e  r e s p o n s e  
l a t e n c y .  The s t u d y  a l s o  showed t h a t  a f t e r  i n t r a v e n t r i c u l a r  
a d m i n i s t r a t i o n  o f  GABA a p p e t i t i v e  d r i v e  f o r  f o o d  d e c r e a s e d ,  
o f t e n  p r o d u c i n g  a c e s s a t i o n  o f  a p p e t i t i v e  b e h a v i o r .  O r a l  
a d m i n i s t r a t i o n  o f  GABA h a s  b e en  shown t o  h a v e  b e n e f i c i a l  
e f f e c t s  upon e p i l e p s y  i n  humans (T o w er ,  I 9 6 0 ) .  S t r a n g e l y ,  
i t  was a l s o  shown t o  i n c r e a s e  t h e  a c t i v i t y  o f  r a t s  (Czok 
& L ang ,  1955)  and t o  s l i g h t l y  ( n o t  s i g n i f i c a n t l y )  f a c i l i ­
t a t e  a c q u i s i t i o n  o f  maze l e a r n i n g  i n  r a t s  ( B l e i  & L e v i n ,  
196*+).
W ith r e s p e c t  t o  g l u t a m i c  a c i d ,  i n t r a v e n t r i c u l a r  
i n j e c t i o n s  have  b e en  shown t o  p r o d u c e  h y p e r a c t i v i t y  i n  m ice  
when d o s e  l e v e l s  a r e  be low t h o s e  r e q u i r e d  f o r  s e i z u r e s  
( C r a w f o r d ,  1 9 6 3 ) .  O r s l  a d m i n i s t r a t i o n  o f  g l u t a m i c  a c i d  t o
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r a t s  h a s  b e en  shown t o  s i g n i f i c a n t l y  i n c r e a s e  a c t i v i t y  i n  
s t a b i l i m e t e r s  (Czok & L ang ,  1955 ;  I l e l m - Z e l l e r , 1956)  and 
i n  e x p l o r a t o r y  s i t u a t i o n s  ( H a m i l to n  & M aher ,  19V7; Helm- 
Z e l l e r ,  1 9 5 6 ) .
With  t h e  e x c e p t i o n  o f  t h o s e  s t u d i e s  u t i l i z i n g  o r a l  
a d m i n i s t r a t i o n  o f  GABA, t h e  a v a i l a b l e  e v i d e n c e  r e v e a l s  
GABA t o  be  a  b e h a v i o r a l  d e p r e s s a n t  and g l u t a m i c  a c i d  t o  
be  a b e h a v i o r a l  e x c i t a n t . ’ However ,  l i t t l e  p a r a m e t r i c  d a t a  
i s  a v a i l a b l e  d e m o n s t r a t i n g  t h e  e f f e c t s  o f  t h e s e  d r u g s  upon  
a c t i v i t y .
The f u r t h e r  p o s s i b i l i t y  e x i s t s  t h a t  t h e  a c t i v i t y  
o f  t h e s e  c h e m i c a l s  may p l a y  some r o l e  i n  t h e  l e a r n i n g  p r o ­
c e s s .  I t  i s  w e l l  known t h a t  s u b s t a n c e s  w h ich  i n c r e a s e  
n e u r a l  e x c i t a b i l i t y  f a c i l i t a t e  l e a r n i n g  when a d m i n i s t e r e d  
a t  m o d e r a te  d o s e  l e v e l s .  T h ese  I n c l u d e  s t r y c h n i n e ,  p i c r o -  
t o x i n ,  am ph e ta m in e ,  and o t h e r s .  A c c o r d i n g l y ,  s u b s t a n c e s  
w h ich  d e c r e a s e  n e u r a l  e x c i t a b i l i t y  w i l l  i n h i b i t  t h e  l e a r n ­
i n g  p r o c e s s .  Such  s u b s t a n c e s  i n c l u d e  c a l c i u m ,  b a r b i t u r ­
a t e s ,  e t h e r ,  and c a r b o n  d i o x i d e  ( R o b e r t s ,  Wein, & S im on-  
s e n ,  196b-). The su pp o sed  e f f e c t  o f  t h e  e x c i t a t o r y  d r u g s  
i s  t o  en h an c e  n e u r a l  f u n c t i o n i n g  by l o w e r i n g  t h e  t h r e s h -  
h o l d s  o f  c e n t r a l  n e u r o n s  w h ich  c o m p r i s e  t h e  " p e r s e v e r a t i n g  
c i r c u i t s "  s e t  i n t o  a c t i o n  when a n  o rg a n i s m  i s  p r o c e s s i n g  
i n f o r m a t i o n .  The d e p r e s s a n t  d r u g s ,  o f  c o u r s e ,  s h o u l d  
r a i s e  t h e  n e u r o n  t h r e s h h o l d s .  Thus t h e  n e u r a l  c i r c u i t r y
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i s  made more o r  l e s s  e f f i c i e n t  a s  t h e  c a s e  may be ( R o b e r t s ,  
Wein, & S im o n se n ,  196*+). I f  GABA and  g l u t a m i c  a c i d  a r e  
s y n a p t i c  t r a n s m i t t e r s  as  some hav e  h y p o t h e s i z e d  ( K r n j e v i c  
& P h i l l i s ,  196 3 ;  K r n j e v i c  & S c h w a r t s ,  1 9 6 6 ) ,  t h e y  may be  
more  i n t i m a t e l y  i n v o l v e d  i n  t h e  l e a r n i n g  p r o c e s s .  I t  i s  
s u s p e c t e d  t h a t  s p e c i f i c  t r a n s m i t t e r  s u b s t a n c e s  may m e d i a t e  
d i s c r e t e  n e u r a l  s y s t e m s  w h ich  hav e  d i s c r e t e  b e h a v i o r a l  
c o r r e l a t e s  i n  a s p e c t s  o f  t h e  l e a r n i n g  p r o c e s s  ( C a r l t o n ,  
1 9 6 3 ) .  I n  any c a s e ,  i t  c an  be  p r e d i c t e d  t h a t  g l u t a m i c  
a c i d  w i l l  f a c i l i t a t e  l e a r n i n g  and GABA w i l l  I n h i b i t  l e a r n ­
i n g  s i n c e  t h e s e  s u b s t a n c e s  a r e  n e u r a l  e x c i t a n t s  and d e p r e s ­
s a n t s  r e s p e c t i v e l y .  The p r e s e n t  e x p e r i m e n t  i s  an  a t t e m p t  
t o  a s c e r t a i n  t h e  g r o s s  e f f e c t s  o f  t h e s e  two c h e m i c a l s  on 
t h e  l e a r n i n g  p r o c e s s .
W ith  r e s p e c t  t o  g l u t a m i c  a c i d ,  a  l a r g e  and c on ­
t r o v e r s i a l  l i t e r a t u r e  was i n i t i a t e d  by Zimmerman and R oss  
( 19*+*+) when t h e y  d e m o n s t r a t e d  a r e m a r k a b l e  f a c i l i t a t i o n  
o f  maze l e a r n i n g  i n  r a t s  which  w ere  b e in g  f e d  s u p p l e m e n t a r y  
g l u t a m i c  a c i d  w i t h  t h e i r  d i e t s .  A l b e r t  and Warden ( 1 9 ^ )  
fo u n d  t h a t  g l u t a m i c  a c i d  s u p p le m e n t s  f a c i l i t a t e d  "co m p lex  
r e a s o n i n g "  i n  t h e  r a t .  T h ese  two s t u d i e s  s t i m u l a t e d  a 
v a s t  amount o f  r e s e a r c h  w i t h  human s u b j e c t s ,  p r i m a r i l y  
r e t a r d a t e s ,  on t h e  c o g n i t i v e  e f f e c t s  o f  g l u t a m i c  a c i d .
T h i s  r e s e a r c h  h as  t e n d e d  t o  show t h a t  p o s i t i v e  IQ c h an g e s  
i n  r e t a r d a t e s  f o l l o w  t h e  o r a l  a d m i n i s t r a t i o n  o f  g l u t a m i c
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a c i d  i f  t h e  t r e a t m e n t  i s  m a i n t a i n e d  o v e r  a  l o n g  p e r i o d  o f  
t i m e  (3  m onths  t o  8 y e a r s )  ( V o g e l ,  B rove rm an ,  D r a g u n s ,  
and K l a i b e r ,  1 9 6 6 ) .  However,  t h e  i n i t i a l  r a t  s t u d i e s  w ere  
f o l l o w e d  by a number o f  e x p e r i m e n t s  a l l  o f  w h ich  fo u n d  no 
e f f e c t  o f  d i e t a r y  su p p le m e n ts  o f  g l u t a m i c  a c i d  upon  r a t  
l e a r n i n g  ( H a m i l to n  & M aher ,  19*+7; H e l m t Z e l l e r ,  1956 ;
H u g h e s ,  C o o p e r ,  Zubek,  1957;  Marx ,  1 9 ^ 8 ,  1 9 ^ 9 ;  P o r t e r  & 
G r i f f i n ,  195 0 ;  S t e l l a r  & M cElroy ,  1 9 ^ 8 ;  Z a b a re n k o ,  P i l ­
g r im ,  & P a t t o n ,  1 9 5 D *  S t e l l a r  and McElroy ( 1 9 W  r e p l i ­
c a t e d  t h e  Zimmerman and R o ss  (1 9 l*'l+) s t u d y  and fo u n d  no 
f a c i l i t a t i o n  o f  l e a r n i n g .  However,  Hughes and Zubek (1 9 5 6 )  
found  t h a t  g l u t a m i c  a c i d  s u p p l e m e n t s  d i d  f a c i l i t a t e  l e a r n ­
i n g  i n  m a z e - d u l l  r a t s  w h e re a s  no e f f e c t  was found  w i t h  
m a z e - b r i g h t  r a t s .  L a t e r  t h e y  w e re  u n a b l e  t o  r e p l i c a t e  t h e  
e f f e c t  (H ughes ,  C o o p e r ,  & Zubek,  1 9 5 7 ) .
However ,  t h e  a d m i n i s t r a t i o n  o f  g l u t a m i c  a c i d  h a s  
c o n t i n u e d  t o  h a v e  b e n e f i c i a l  e f f e c t s  when a d m i n i s t e r e d  t o  
humans.  A s t l n  and Ross  ( I 9 6 0 )  r e v i e w e d  t h e  l i t e r a t u r e  
and  c o n c l u d e d  t h a t  t h e  b e n e f i c i a l  e f f e c t  o f  g l u t a m i c  a c i d  
upon  r e t a r d a t e  i n t e l l i g e n c e  c o u l d  be a t t r i b u t e d  t o  d e f e c t s  
i n  t h e  e x p e r i m e n t a l  d e s i g n  o f  most  o f  t h e  r e s e a r c h .  Vogel  
e t  a l . ( 1 9 6 6 ) ,  h o w e v e r ,  p o i n t e d  o u t  t h a t  A s t l n  and Ross  
( I 9 6 0 ) f a i l e d  t o  c o n s i d e r  50$ o f  t h e  l i t e r a t u r e  and d i s ­
r e g a r d e d  many a s p e c t s  o f  t h e  g l u t a m i c  a c i d  r e s e a r c h  which  
a r e  h i g h l y  r e l e v a n t  t o  t h e  c o n c l u s i o n s  drawn a b o u t  i t s  v a l u e .
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A f t e r  an e x h a u s t i v e  a n a l y s i s  o f  r e s e a r c h  t o  t h a t  d a t e ,
Voge l  e t  a l .  (1 96 6 )  c o n c lu d e d  t h a t  t h e r e  a r e  b e n e f i c i a l  
e f f e c t s  o f  g l u t a m i c  a c i d  upon  t h e  c o g n i t i v e  b e h a v i o r  n o t  
o n l y  o f  r e t a r d a t e s ,  b u t  n o r m a l s  as  w e l l .  A l t h o u g h  Voge l  
e t  a l . ( 1 9 6 6 ) do  n o t  commit t h e m s e l v e s  w i t h  r e s p e c t  t o  
t h e  s p e c i f i c  e f f e c t  o f  g l u t a m i c  a c i d ,  t h e  common denom i­
n a t o r  a p p e a r s  t o  b e  an  i n c r e a s e  i n  '’d r i v e . 1' R e p e a t e d l y ,  
r e s e a r c h e r s  w ere  c i t e d  a s  r e p o r t i n g  t h a t  t h e  a d m i n i s t r a ­
t i o n  o f  g l u t a m i c  a c i d  was f o l l o w e d  by i n c r e a s e d  d r i v e ,  
c o n c e n t r a t i o n ,  a t t e n t i o n ,  m o t i v a t i o n ,  o r  p e r s i s t e n c e  
(V o ge l  e t  a l . , 1 9 6 6 ) .
T h ese  r e s u l t s  a r e  i n  k e e p i n g  w i t h  t h e  pharma­
c o l o g i c a l  f i n d i n g  t h a t  g l u t a m i c  a c i d  i s  a  n e u r a l  e x c i t a n t .  
However, t h i s  p r o p e r t y  o f  t h e  s u b s t a n c e  d o e s  n o t  n e c e s ­
s a r i l y  o f f e r  t h e  p h y s i o l o g i c a l  e x p l a n a t i o n  f o r  t h e  r e s u l t s  
s i n c e  g l u t a m i c  a c i d  i s  i n v o l v e d  i n  a  m yr iad  o f  m e t a b o l i c
t
p r o c e s s e s  w i t h i n  b r a i n  t i s s u e  ( s e e  A p p e n d ix ) .  The n e g a ­
t i v e  f i n d i n g s  w i t h  r e s p e c t  t o  r a t  l e a r n i n g  a r e  open t o  
num erous e x p l a n a t i o n s ,  t h e  most  c o m p e l l i n g  o f  w h ic h  a r e  
s i m p ly  t h a t  t h e  m e a su re s  u t i l i z e d  p r o b a b l y  w ere  n o t  s e n s i ­
t i v e  enough t o  d e t e c t  s u b t l e  c h an g e s  i n  n e u r a l  f u n c t i o n i n g  
o r  t h a t  t h e  t im e  b e tw e e n  d r u g  a d m i n i s t r a t i o n  and  t e s t i n g  
was t o o  l o n g  f o r  d i r e c t  d r u g  e f f e c t s  t o  be e v i d e n t .  The 
s t u d i e s  g e n e r a l l y  i n v o l v e d  t e s t i n g  t h e  r a t s  i n  m u l t l - c u l e d  
mazes w i t h  g l u t a m i c  a c i d  b e i n g  a d m i n i s t e r e d  o r a l l y  w i t h  t h e
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d i e t  som etim e a f t e r  t h e  d a i l y  t e s t  t r i a l s .  I n  a p i l o t  
s t u d y  t h e  a u t h o r  fou n d  b e h a v i o r a l  a c t i v a t i o n  f o l l o w i n g  
i n t r a p e r i t o n e a l ' i n j e c t i o n  .of g l u t a m i c  a c i d  w h ich  d i s a p ­
p e a r e d  w i t h i n  30  m in u t e s  and t h e  p la s m a  l e v e l s  o f  g l u t a m i c  
a c i d  a r e  known t o . b e  r a i s e d  f o r  o n l y  a b o u t  one  h o u r  a f t e r  
a d m i n i s t r a t i o n  o f  t h e  d r u g  (W a e l s c h ,  1 9 5 1 ) .
The p r e s e n t  s t u d y  i s  an a t t e m p t  t o  c l e a r l y  a s c e r ­
t a i n  w h e th e r  t h e  a d m i n i s t r a t i o n  o f  g l u t a m i c  a c i d  would  be  
f o l l o w e d  by  an  i n c r e a s e  i n  b e h a v i o r a l  a c t i v i t y  and a f a c i l ­
i t a t i o n  o f  a c q u i s i t i o n  o f  a  l e a r n e d  b e h a v i o r .  A l s o ,  t h e  
p r e s e n t  e x p e r i m e n t  a t t e m p t e d  t o  a s c e r t a i n  w h e th e r  i n c r e a s e s  
i n  b r a i n  GABA l e y e l s  would d e p r e s s  b e h a v i o r a l  a c t i v i t y  and 
l e a r n i n g .  A f f i r m a t i v e  an sw e rs  were  p r e d i c t e d  i n  eaoh 
c a s e .  T h i s  s t u d y  d i f f e r e d  f rom p r e v i o u s  g l u t a m i c  a c i d  
s t u d i e s  i n  t h a t  t h e  method o f  a d m i n i s t r a t i o n  was i n t r a -  
p e r i  t o n e a l  i n j e c t i o n s  and t e s t i n g  was p e r f o r m e d  i m m e d ia t e l y  
a f t e r  d ru g  a d m i n i s t r a t i o n .
I n  d e m o n s t r a t i n g  t h e  p r e d i c t e d  e f f e c t s  t h e  b l o o d -  
b r a i n  b a r r i e r  posed  a  p r o b le m .  GABA p e n e t r a t e s  t h e  b a r ­
r i e r  w i t h  g r e a t  d i f f i c u l t y  i f  a t  a l l  ( v a n  G e ld e r  & E l l i o t t ,  
1 9 5 8 ) .  However, t h e r e  a r e  d r u g s  which  i n h i b i t  GABA t r a n s ­
a m in ase  a c t i v i t y  t h u s  r a i s i n g  b r a i n  GABA l e v e l s  by p r e v e n t ­
i n g  i t s  b reakdown ( R o b e r t s ,  Wein, & S im o n se n ,  196*+), 
A m in o o x y a c e t i e  a c i d  i s  one  o f  t h e s e  and i t  h a s  b e e n  shown 
t o  e l e v a t e  b r a i n  GABA l e v e l s  (W a l la c h , .  1 9 6 1 ) .  I t s  b e h a v i o r a l
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and p h a r m a c o l o g i c a l  e f f e c t s  a r e  i n  a c c o r d a n c e  w i t h  t h e  
o b s e r v e d  e f f e c t s  o f  c e n t r a l l y  a d m i n i s t e r e d  GABA ( R o b e r t s ,  
W'eln, & S im o n se n ,  1 96 ^ ;  van  G e l d e r ,  1 9 6 5 ) .  I n  p i l o t  worK, 
t h e  a u t h o r  found  d o s e - s p e c i f i c  d e c r e a s e s  i n  a c t i v i t y  i n  
r a t s  f o l l o w i n g  AOAA a d m i n i s t r a t i o n .  The p o s s i b i l i t y  e x ­
i s t s  t h a t  AOAA p r o d u c e s  i t s  b e h a v i o r a l  e f f e c t s  v i a  some 
r o u t e  o t h e r  t h a n  i t s  e f f e c t s  upon GABA b u t  s i n c e  i t  h a s  
b een  shown t o  s i g n i f i c a n t l y  i n c r e a s e  b r a i n  GABA l e v e l s ,  
t h i s  d r u g ,  r a t h e r  t h a n  GABA p e r  s e ,  was a d m i n i s t e r e d  t o  
t h e  S s  i n  t h e  p r e s e n t  s t u d y .
P e r i p h e r a l l y  a d m i n i s t e r e d  g l u t a m i c  a c i d  was a t  
one t i m e  c o n s i d e r e d  u n a b l e  t o  c r o s s  t h e  b l o o d - b r a i n  b a r ­
r i e r  ( S c h w e r i n ,  Bessm an,  & V /ae lsch ,  1 9 5 0 ) .  A p p a r e n t l y  
g l u t a m i c  a c i d  i s  m e t a b o l i z e d  i n t o  so m e th in g  e l s e  soon  
a f t e r  i t  c r o s s e s  t h e  b a r r i e r  (Thompson, 1967)  • A b e ­
h a v i o r a l  c h an ge  f o l l o w i n g  p e r i p h e r a l l y  i n j e c t e d  g l u t a m i c  
a c i d  i s  t e n a b l e  as  a  c e n t r a l  e f f e c t  i n  t e rm s  o f  t h e  E l l i o t t  
and van  G e ld e r  g l u t a m i c  a c i d  -  GABA b a l a n c e  h y p o t h e s i s  
(1 95 3 )  s i n c e  t h e  b a l a n c e  s h o u l d  be  w e i g h te d  i n  f a v o r  o f  
g l u t a m i c  a c i d  w h i l e  p la sm a  l e v e l s  o f  g l u t a m i c  a c i d  a r e  
r a i s e d .
I I . METHOD
S u b j e c t s
The S£  w ere  66  Long-Evans  m a le  hooded r a t s  ob­
t a i n e d  f rom  SIm onsen  L a b o r a t o r i e s ,  I n c . ,  o f  G i l r o y ,  
C a l i f o r n i a .  S s  w ere  80 t o  100 d a y s  o f  a ge  on t h e  f i r s t  
d ay  o f  h a n d l i n g .  M ales  were  u s e d  t o  o b v i a t e  any  p ro b lem s  
w i t h  t h e  o e s t r u s  c y c l e .
Apparatus
To a s s e s s  t h e  d r u g  e f f e c t s  upon  l e a r n i n g  t h e  t a s k  
p e r f o r m e d  by t h e  h ad  t o  be  s i m p le  enough t h a t  a  l a r g e  
d e g r e e  o f  a c t i v a t i o n  would n o t  h i n d e r  l e a r n i n g  i n  k e e p i n g  
w i t h  t h e  Y e rk e s -D o d so n  l a w ,  s e n s i t i v e  enough t o  d e t e c t  
a  s u b t l e  c h an g e  i n  c o g n i t i v e  f u n c t i o n i n g ,  and n o n - a p p e t i -  
t i v e  b e c a u s e  J o h n  a t  a l .  ( i 960 ) fo u n d  GABA t o  d e c r e a s e  
a p p e t i t i v e  d r i v e  s p e c i f i c a l l y  and g l u t a m i c  a c i d  i s  known 
t o  b© c a p a b l e  o f  s u b s t i t u t i n g  f o r  g l u c o s e  i n  c e l l  m e tab o ­
l i s m  (T ow er ,  1 9 5 9 ) .  The d e v i c e  c h o s e n  was t h e  t w o - c h o i c e  
d i s c r i m i n a t i o n  box  d e s c r i b e d  by Thompson and B r y a n t  (1955)  
(Thompson b o x ) .
The s t a r t  b ox ,  6 x  6£  x 10 i n c h e s ,  opened t h r o u g h  
a  g u i l l o t i n e  d o o r  i n t o  a  c h o i c e  chamber 20 i n c h e s  i n  l e n g t h .  
The f l o o r  o f  t h e  s t a r t  box and c h o i c e  chamber  was a  shock  
g r i d .  Two d o o r s ,  3 i  x  3£ I n c h e s ,  a t  t h e  end o f  t h e  c h o i c e  
chamber o p p o s i t e  t h e  s t a r t  box p r o v i d e d  e n t r a n c e  t o  a
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s o l i d - f l o o r e d  g o a l  box  12 x  l 5* x 10 i n c h e s .  E i t h e r  d o o r  
c o u ld  be l o c k e d  so  a s  t o  f o r c e  t h e  S t o  u s e  t h e  o p p o s i t e  
d o o r .  Between t h e  two d o o r s ,  a  h  x 10  i n c h  p a r t i t i o n  ex­
t e n d e d  o n t o  t h e  g r i d  o f  t h e  c h o i c e  cham b er ,  t h u s  p a r t i ­
t i o n i n g  t h e  d o o r s  f rom e ac h  o t h e r .  The g r i d  a r e a  immedi­
a t e l y  i n  f r o n t  o f  e a c h  d o o r  c o u ld  be  c h a r g e d  i n d e p e n d e n t l y  
o r  i n  u n i s o n  w i t h  t h e  m ain  g r i d .  The sh o c k  s o u r c e  was an  
A p p l e g a t e  Model 250 c o n s t a n t  c u r r e n t  s t i m u l a t o r  s e t  t o  
d e l i v e r  1 m i l l i a m p  s h o c k .  W hi te  n o i s e  was p r o v i d e d  d u r i n g  
t h e  e x p e r i m e n t  a t  a b o u t  35  d b .
A c t i v i t y  was m easu red  w i t h  a  c i r c u l a r  L e h ig h  V a l l e y  
a c t i v i t y  box .  The box  was 2k  I n c h e s  i n  d i a m e t e r  and 17 
i n c h e s  d e e p .  I t s  c o l o r  was f l a t  b l a c k  and i t  had  a m e t a l  
mesh f l o o r .  S i x  i n v i s i b l e  i n f r a - r e d  l i g h t  beams c r i s s ­
c r o s s e d  t h e  b a s e  o f  t h e  a p p a r a t u s  and a c t i v i t y  was m e a su re d  
i n  t e r m s  o f  l i g h t  beam i n t e r r u p t i o n s .  The beam i n t e r r u p ­
t i o n s  w ere  r e c o r d e d  on a V a r i a n  c u m u l a t i v e  r e c o r d e r  l o ­
c a t e d  i n  an  a d j a c e n t  room so  a s  t o  m in im iz e  n o i s e .  W hite  
n o i s e  was p r o v i d e d  d u r i n g  t h e  e x p e r i m e n t  a t  a b o u t  35  d b .
P r o c e d u r e  and D e s i g n
F i r s t ,  e a c h  S was h a n d le d  2 - 3  m in u t e s  p e r  day  f o r  
5 c o n s e c u t i v e  d a y s .  Each  r a t  was t h e n  g i v e n  10 m i n u t e s  
f r e e  e x p l o r a t i o n  t i m e  i n  t h e  Thompson box w i t h  a l l  d o o r s  
open .  S s  w ere  t h e n  p r e t r a i n e d  i n  t h e  Thompson box t o  p u sh
l*f
b ack  a c a r d  f rom  t h e  d o o r  o f  t h e  g o a l  box  and e n t e r  t h e  
g o a l  box  t o  a v o id  s h o c k .  P r e t r a i n i n g  was begun  w i t h  one 
g o a l  box d o o r  l o c k e d  and t h e  o t h e r  g o a l  box d o o r  o p e n .
The S was p l a c e d  i n  t h e  s t a r t  box and t h e  g u i l l o t i n e  d o o r  
was opened a f t e r  10  s e c o n d s .  As t h e  d o o r  was opened t h e  
E p r e s s e d  a  b u t t o n  s t a r t i n g  a t i m e r .  The S had t o  l e a v e  
t h e  s t a r t  b o x  w i t h i n  5 s e c o n d s  o r  a  b r i e f  sh o c k  was d e ­
l i v e r e d .  As t h e  S l e f t  t h e  s t a r t  bo x ,  t h e  E p r e s s e d  a 
s e c o n d  b u t t o n  w h ic h  s t o p p e d  t h e  f i r s t  t i m e r  and  s t a r t e d  
a  se co nd  t i m e r .  The S t h e n  had t o  l e a v e  t h e  c h o i c e  chamber  
w i t h i n  30  s e c o n d s  o r  a n o t h e r  b r i e f  sh o c k  was d e l i v e r e d  
w i t h  p u l s e s  c o n t i n u i n g  u n t i l  t h e  S e n t e r e d  t h e  g o a l  b o x .
As t h e  S e n t e r e d  t h e  g o a l  box  a t h i r d  b u t t o n  was p r e s s e d  
by t h e  E s t o p p i n g  t h e  second  t i m e r .  The r e a d i n g s  o f  t h e  
two t i m e r s  p r o v i d e d  m e a s u re s  o f  s t a r t  l a t e n c y  and c h o i c e  
l a t e n c y  r e s p e c t i v e l y .  The p o s i t i o n  o f  t h e  l o c k e d  d o o r  
was v a r i e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  s e q u e n c e :  RLLRRLRLLR,
w i t h  t h e  m i r r o r  image o f  t h i s  s e q u e n c e  u s e d  on a l t e r n a t e  
b l o c k s  o f  10 t r i a l s .  Once t h e  Ss s u c c e s s f u l l y  r a n  f rom 
t h e  s t a r t  t o  t h e  g o a l  box 10  c o n s e c u t i v e  t im e s  w i t h o u t  t h e  
a i d  o f  s h o c k ,  a n e u t r a l  c a r d  ( g r a y ,  t h e  same c o l o r  a s  t h e  
l o c k e d  d o o r )  was b r o u g h t  s u c c e s s i v e l y  c l o s e r  t o  t h e  open 
d o o r  u n t i l  t h e  S had t o  p u sh  t h i s  c a r d  b ack  i n  o r d e r  t o  
e n t e r  t h e  g o a l  b o x .  P r e t r a i n i n g  c o n t i n u e d  u n t i l  e a c h  S 
a v o id e d  c o n s i s t e n t l y  by p u s h in g  back  t h e  u n l o c k e d  d o o r ,
15
m e e t i n g  a  c r i t e r i o n  o f  18 a v o i d a n c e s  i n  20  c o n s e c u t i v e  
t r i a l s .  S i n c e  S s  were  d r o p p e d  from p r e t r a i n i n g  a t  d i f ­
f e r e n t  t i m e s  a c c o r d i n g  t o  t h e i r  l e a r n i n g  a b i l i t y ,  a l l  S s  
r e c e i v e d  an  e x t r a  5 t r i a l s  t h e  day  b e f o r e  d i s c r i m i n a t i o n  
t r a i n i n g  beg an  so  as  t o  p u t  them a t  a p p r o x i m a t e l y  t h e  same 
l e v e l  o f  l e a r n i n g .  The l a s t  6 S s  t o  r e a c h  c r i t e r i o n  w ere  
d ro p p e d  f rom t h e  e x p e r i m e n t .
F o l l o w i n g  p r e t r a i n i n g ,  t h e  Ss  were  a s s i g n e d  t o  t h e  
5 e x p e r i m e n t a l  g r o u p s .  I n  d o i n g  t h i s  t h e  g r o u p s  w ere  
m atched  a c c o r d i n g  t o  t h e  l a t e n c y  m e a s u re s  t a k e n  d u r i n g  
p r e t r a i n i n g .  The Sjs were  a r r a n g e d  i n  r a n k  o r d e r  a c c o r d i n g  
t o  t h e  a v e r a g e  c h o i c e  l a t e n c y  o f  e a c h  S on t h e  l a s t  10 
t r i a l s  o f  p r e t r a i n i n g .  The t o p  ( f a s t e s t )  10 Ss were  
a s s i g n e d  t o  t h e  f i r s t  l e v e l  o f  t h e  l a t e n c y  f a c t o r ,  t h e  
n e x t  10  Ss t o  t h e  second  l e v e l ,  e t c . ,  u n t i l  a l l  60 Ss  had 
b e en  a s s i g n e d  and 6 l e v e l s  were  o b t a i n e d .  W i t h i n  e a c h  
l e v e l ,  t h e  Ss w ere  r an d o m ly  a s s i g n e d  t o  t h e  5 t r e a t m e n t  
g r o u p s ,  2 Ss  p e r  t r e a t m e n t  by l e v e l  c e l l ,  12 S_s p e r  t r e a t ­
ment .
The e x p e r i m e n t a l  t r e a t m e n t  g r o u p s  c o n s i s t e d  o f ,
1 ) a  c o n t r o l  g r o u p  r e c e i v i n g  i n j e c t i o n s  o f  p h y s i o l o g i c a l  
s a l i n e  (2  c c / k g ) ,  2) a "GA low'* g ro u p  r e c e i v i n g  g l u t a m i c  
a c i d  i n j e c t i o n s  o f  20 m g/kg ,  3 )  a  "GA h ig h "  g ro u p  r e c e i v i n g  
g l u t a m i c  a c i d  i n j e c t i o n s  o f  ^0  m g/kg ,  *f) an "AOAA low" 
g r o u p  r e c e i v i n g  AOAA HC.1 i n j e c t i o n s  o f  10  m g/kg ,  5) an
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"AOAA h i g h "  g ro u p  r e c e i v i n g  AOAA HC1 i n j e c t i o n s  o f  
20  m g/kg .  A l l  i n j e c t i o n s  w e re  i n t r a p e r i t o n e a l  w i t h  t h e  
d r u g  c o n c e n t r a t i o n s  a d j u s t e d  so  a s  t o  a l l o w  t h e  I n j e c t i o n  
volume t o  be a  c o n s t a n t  2 c c / k g .  P h y s i o l o g i c a l  s a l i n e  was 
u s e d  as  a  c a r r i e r  and t h e  pH o f  t h e  s o l u t i o n s  was a d j u s t e d  
t o  7 w i t h  d i l u t e  NaOH and HC1. Ss r e c e i v e d  t h e i r  i n j e c ­
t i o n s  and beg an  t h e i r  t r i a l s  w i t h i n  5. m i n u t e s .  Each  S 
r e c e i v e d  one i n j e c t i o n  p e r  d a y .
The t a s k  l e a r n e d  f o l l o w i n g  d r u g  a d m i n i s t r a t i o n  was 
a  b l a c k - w h i t e  d i s c r i m i n a t i o n .  The u n l o c k e d  d o o r  o f  t h e  
Thompson box  was w h i t e  and t h e  l o c k e d  d o o r  was b l a c k .  A 
c o r r e c t i o n  p r o c e d u r e  was u s e d  and m u l t i p l e  e r r o r s  were  
p o s s i b l e  on e ac h  t r i a l .  T h r e e  c a t e g o r i e s  o f  e r r o r  were  
r e c o r d e d .  A d i s c r i m i n a t i o n  e r r o r  was d e f i n e d  a s  a n  a p ­
p r o a c h  t o  t h e  i n c o r r e c t  s t i m u l u s  o f  c l o s e r  t h a n  b  i n c h e s  
and sho ck  was d e l i v e r e d  t h e r e u p o n .  A l s o ,  f a i l u r e  t o  l e a v e  
t h e  s t a r t  box  w i t h i n  s e c o n d s  was r e c o r d e d  a s  an e r r o r  
( s t a r t  e r r o r )  and f a i l u r e  t o  l e a v e  t h e  c h o i c e  chamber  
w i t h i n  30 s e c o n d s  was r e c o r d e d  as  an e r r o r  ( l a t e n c y  e r r o r ) .  
A l l  e r r o r s  were  accom panied  by s h o c k .  S t a r t  and c h o i c e  
l a t e n c i e s  w ere  t a k e n  a s  d e s c r i b e d  a b o v e .  F i v e  S s ,  one 
f rom  e ac h  t r e a t m e n t  g r o u p ,  were  r u n  a s  a g ro u p  d u r i n g  a 
d e s i g n a t e d  1 h o u r  p e r i o d  o f  e a c h  d a y .  Thus S_s w e re  r u n  a t  
t h e  same t i m e  e v e r y  d a y  and t h e  members o f  e a c h  t r e a t m e n t  
g ro u p  were  d i s t r i b u t e d  e q u a l l y  t h r o u g h o u t  t h e  d a y .  A l l
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p r a c t i c e  was d i s t r i b u t e d  w i t h  an  i n t e r t r i a l  i n t e r v a l  o f  
3 - 1* m i n u t e s .  W i t h i n  any d e s i g n a t e d  h o u r  o f  r u n n i n g  e v e r y  
S r e c e i v e d  t r i a l  1 b e f o r e  any S r e c e i v e d  t r i a l  2 ,  e t c .
The o r d e r  i n  which  t h e  5 Ss o f  a  g i v e n  ho u r  w e re  r u n  was 
r an d o m ize d  e a c h  d a y .  Bach B r e c e i v e d  10 t r i a l s  p e r  day 
w i t h  t h e  e x c e p t i o n  o f  t h e  f i r s t  day  when t h e y  r e c e i v e d  
o n ly  k  t r i a l s .  A l l  t h e  S s  o f  a. g i v e n  t r e a t m e n t  g ro u p  were  
r u n  u n t i l  a l l  t h e  S s  i n  t h a t  g ro u p  r e a c h e d  c r i t e r i o n .
A f t e r  a g ro u p  r e a c h e d  c r i t e r i o n ,  i t  r e m a in e d  i d l e  
f o r  6 d a y s  b e f o r e  b e in g  r u n  i n  t h e  a c t i v i t y  m e a s u r e .  T h en ,  
e ac h  S r e c e i v e d  one  f i n a l  i n j e c t i o n  o f  i t s  d r u g  and was 
p l a c e d  i n  t h e  L e h ig h  V a l l e y  a c t i v i t y  box  f o r  1 h o u r  immedi­
a t e l y  f o l l o w i n g  t h e  i n j e c t i o n .  Two Ss from e ac h  g rou p  w ere  
r u n  d u r i n g  e a c h  d ay  i n  s u c h  a way t h a t  a f t e r  6 d a y s  t h e  Ss  
o f  a g i v e n  g ro u p  had b e e n  r u n  a t  a l l  t h e  d i f f e r e n t  t im e s  
o f  a 10 h o u r  d a y .
I n  o r d e r  t h a t  t h e  l e a r n i n g  t r i a l s  b e  r u n  b l i n d ,  
a l l  d r u g s  were mixed b e f o r e  t h e  b e g i n n i n g  o f  d i s c r i m i n a ­
t i o n  l e a r n i n g  and coded  w i t h  a num ber .  Knowledge o f  t h e  
i d e n t i t y  o f  t h e  d r u g s  was w i t h h e l d  f rom  t h e  JS u n t i l  t h e  
l e a r n i n g  d a t a  was c o m p i l e d .
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I I I . RESULTS
On t h e  f i r s t  d ay  o f  r u n n i n g  t h r e e  S s  o f  t h e  h i g h e s t  
AOAA d o s a g e  g r o u p  d i e d  s h o r t l y  a f t e r  t h e i r  i n j e c t i o n s  r e ­
d u c i n g  t h e  N o f  t h a t  g ro u p  t o  9 Ss.-*-
The d a t a  f rom  t h e  l e a r n i n g  t a s k  a r e  shown i n  
T a b l e  1 .  A H a r t l e y ’ s 2 t e s t  (W in e r ,  1 9 6 2 )3  f o r  h o m o g e n e i ty  
o f  v a r i a n c e  p e r f o r m e d  on t h e  t r i a l s  t o  c r i t e r i o n  d a t a  d i d  
n o t  r e v e a l  s i g n i f i c a n c e  (Fmax » 5*^2) and a s u b s e q u e n t  one ­
way a n a l y s i s  o f  v a r i a n c e  r e v e a l e d  s i g n i f i c a n t  d i f f e r e n c e s  
b e tw e e n  means w i t h i n  t h e  d a t a  (F  * *+.03; d f  = 52;
p <  . 0 5 ) .  The means a r e  g r a p h e d  i n  F i g u r e  1 .  D u n c an ’ s 
new m u l t i p l e  r a n g e  t e s t  e x t e n d e d  f o r  u n e q u a l  Ns (K ram er ,  
1958)  was u s e d  t o  compare  g ro u p  m eans .  The r e s u l t s  a r e  
p r e s e n t e d  i n  T a b l e  2 .  A l l  t e s t s  were  t w o - t a i l e d  and  a j) 
v a l u e  o f  .0 5  was a c c e p t e d  a s  s i g n i f i c a n t .  The h i g h  d o sa g e  
g l u t a m i c  a c i d  g ro u p  was found  t o  d i f f e r  s i g n i f i c a n t l y  from 
t h e  c o n t r o l  g ro u p  i n  t h e  p r e d i c t e d  d i r e c t i o n .  N e i t h e r  AOAA 
g ro u p  d i f f e r e d  s i g n i f i c a n t l y  f rom t h e  c o n t r o l  g r o u p .
3-The e x a c t  c a u s e  o f  t h e s e  d e a t h s  i s  n o t  known b u t  
i t  i s  s u s p e c t e d  t h a t  t h e  h i g h  room t e m p e r a t u r e  a t  t h e  t im e  
o f  t h e  i n j e c t i o n s  may h a v e  i n c r e a s e d  t h e  s e n s i t i v i t y  o f  
t h e  a n i m a l s  t o  t h e  d r u g .  Twice  t h e  AOAA d o s e  u s e d  i s  
a lm o s t  a lw ay s  l e t h a l *
^ T h i s  t e s t  was p e r f o r m e d  on a l l  d a t a  b e f o r e  e a c h  
a n a l y s i s  o f  v a r i a n c e  and was n o t  s i g n i f i c a n t  i n  e v e r y  c a s e .
3A l l  f u r t h e r  s t a t i s t i c a l  t e s t s  a r e  f rom  t h i s  s o u r c e  
u n l e s s  o t h e r w i s e  i n d i c a t e d .
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S i g n i f i c a n t  d i f f e r e n c e s  w ere  n o t  fou n d  i n  t h e  
o t h e r  m e a s u re s  t a k e n  d u r i n g  d i s c r i m i n a t i o n  l e a r n i n g .
S t a r t  e r r o r s  and l a t e n c y  e r r o r s  were  v i r t u a l l y  non­
e x i s t e n t  d u r i n g  t h e  a c q u i s i t i o n  t r i a l s  f o r  a l l  g r o u p s .  
T o t a l  d i s c r i m i n a t i o n  e r r o r s  were  t a b u l a t e d  f o r  t h e  f i r s t  
7*+ t r i a l s  and a l t h o u g h  t h e  r e s u l t i n g  means w e re  a l l  i n  
t h e  p r e d i c t e d  d i r e c t i o n  ( s e e  T a b l e  1 )  a  one-way a n a l y s i s  
o f  v a r i a n c e  r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e s  b e tw ee n  
means (F = 1 . 8 1 ;  d f  « *+, 52; . 0 5  ^  0 . 1 0 ) .  S t a r t
and c h o i c e  l a t e n c y  m e a s u r e s  w ere  s c o r e d  i n  t e r m s  o f  t h e  
r e c i p r o c a l  o f  m ed ian  s t a r t  o r  c h o i c e  l a t e n c y  f o r  a  g i v e n  
S on a g i v e n  d a y .  I n  o r d e r  t h a t  a  two-way a n a l y s i s  o f  
v a r i a n c e  c o u ld  be  p e r fo rm e d  i n  which  one f a c t o r  would 
r e p r e s e n t  t h e  l a t e n c y  l e v e l s  o b t a i n e d  from p r e t r a i n i n g ,  
t h e  m i s s i n g  d a t a  o f  t h e  d e a d  Ss  had t o  be e s t i m a t e d .  T h i s  
was done  a c c o r d i n g  t o  t h e  method d e s c r i b e d  by W iner  (1 9 6 2 ,  
p .  2 8 1 ) .  No f a c t o r  o f  t h e  two-way a n a l y s i s  o f  v a r i a n c e  
was fo u n d  s i g n i f i c a n t  f o r  any 10  t r i a l  b l o c k  o f  t e s t i n g  
o r  f o r  t h e  f i r s t  7*+ t r i & l s  a s  a  b l o c k .  One-way a n a l y s e s  
o f  v a r i a n c e  a l s o  d i d  n o t  r e v e a l  s i g n i f i c a n t  d i f f e r e n c e s  
b e tw een  g r o u p s .  The r e c i p r o c a l s  o f  t h e  mean g ro u p  l a t e n ­
c i e s  f o r  t h e  f i r s t  7*+ t r i a l s  a r e  shown i n  T a b l e  1 .  Fo r  
t h a t  d a t a ,  one-way a n a l y s e s  o f  v a r i a n c e  y i e l d  F s  .6 0  f o r  
s t a r t  l a t e n c i e s  and F a .U3 f o r  c h o i c e  l a t e n c i e s .
The a c t i v i t y  d a t a  w e re  s c o r e d  i n  t e r m s  o f  mean
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TABLE 1
BEHAVIORAL MEASURES BY DRUG CONDITION
C o n t r o l GA High GA Low AOAA High AOAA Lov
Mean T r i a l s  t o  
C r i t e r i o n 52.  k 3 5 . 5 *f7,2 6 1 . 7 b 6 .9
Mean D i s c r i m i ­
n a t i o n  E r r  or  s -  
1 s t  7b T r i a l s 1 3 . k 9 . 5 1 2 . If 17 .*+ l b , 6
Mean R e c i p r o c a l  
S t a r t  L a t e n c y 1 . 1 0 1 . 0 5 1 . 1 8 1 .3 b 1 .1 6
Mean R e c i p r o c a l  
C h o ic e  L a t e n c y .88 .83 .82 .96 .93
Mean L i g h t  Beam 
I n t e r r u p t i o n s 722 770 701 373 bbQ
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TABLE 2
SIGNIFICANT DIFFERENCES BETWEEN TRIALS TO 
CRITERION MEANS '(DUNCAN'S NEW 
MULTIPLE RANGE TEST)
GA High GA Low AOAA H igh AOAA Low




£  < .0 5 N .S .
N .S .
N .S ,
.0 5  
£ <  .10
N .S .
£ <  .1 0  
N .S .
£  < .1 0
TABLE 3
SIGNIFICANT DIFFERENCES BETWEEN ACTIVITY 
MEASURE MEANS (DUNCAN'S NEW 
MULTIPLE RANGE TEST)
GA High GA Low AOAA High AOAA Low




N .S . N .S .
N .S .
£  < .001  
£  < .001 
£  < .001
£  < .001  
£  <  .001  





































F i g .  1 . —Mean number o f  t r i a l s  t o  c r i t e r i o n  by 








































F i g .  2 . — Mean number o f  beam i n t e r r u p t i o n s  by
d r u g  c o n d i t i o n .
2*f
l i g h t  beam i n t e r r u p t i o n s  p e r  g ro u p  f o r  t h e  1 h o u r  t e s t  
p e r i o d  a r e  p r e s e n t e d  i n  T a b l e  1 and g r a p h e d  i n  F i g u r e  2 .  
A one-way a n a l y s i s  o f  v a r i a n c e  r e v e a l e d  s i g n i f i c a n t  d i f ­
f e r e n c e s  b e tw ee n  means (F  ® 1 8 .25$  d f  ® *f, 52$ j> < . 0 0 1 ) .  
D u n c a n ' s  new m u l t i p l e  r a n g e  t e s t  e x t e n d e d  f o r  u n e q u a l  Ns 
(K ram er ,  1956)  was u s e d  t o  compare  m eans.  The r e s u l t s  
a r e  shown i n  T a b l e  3 .  A l l  t e s t s  w e re  t w o - t a i l e d  and a j) 
v a l u e  o f  . 0 5  was a c c e p t e d  a s  s i g n i f i c a n t .  The r e s u l t s  
r e v e a l  t h e  two AOAA g ro u p s  t o  d i f f e r  s i g n i f i c a n t l y  from 
t h e  c o n t r o l  and g l u t a m i c  a c i d  g ro u p s  (jg <  . 0 0 1 )  b u t  n o t  
from e a c h  o t h e r .
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IV .  DISCUSSION
The f a c i l i t a t i o n  o f  l e a r n i n g  i n  t e rm s  o f  t r i a l s  
t o  c r i t e r i o n  shown by t h e  h i g h  d o s a g e  g l u t a m i c  a c i d  g ro u p  
b e a r s  o u t  t h e  p r e d i c t i o n  t h a t  g l u t a m i c  a c i d  a d m i n i s t r a ­
t i o n  would  f a c i l i t a t e  a c q u i s i t i o n .  A l th o u g h  t h i s  p r e d i c ­
t i o n  was b a se d  p r i m a r i l y  on d a t a  i n d i c a t i n g  t h a t  t h e  chem­
i c a l  s h o u l d  " a c t i v a t e ” an  o rg a n i s m  and t h u s  f a c i l i t a t e  
a c q u i s i t i o n  a s  a r e f l e c t i o n  o f  a c t i v a t i o n ,  t h e  p r e s e n t  
e x p e r i m e n t  d o e s  n o t  s u p p o r t  t h i s  n o t i o n .  T h i s  i s  b e c a u s e  
t h e  m e a s u r e s  t a k e n  t o  t a p  an a c t i v a t i o n  e f f e c t  o f  t h e  d r u g  
d i d  n o t  show t h e  Ss  t r e a t e d  w i t h  g l u t a m i c  a c i d  t o  be  more 
a c t i v a t e d  t h a n  t h e  c o n t r o l s .  T h e r e  w e re  no l a t e n c y  d i f ­
f e r e n c e s  d u r i n g  d i s c r i m i n a t i o n  l e a r n i n g  and t h e  a c t i v i t y  
m e a s u r e s  d i d  n o t  r e v e a l  t h e  g l u t a m i c  a c i d  g r o u p s  t o  be 
s i g n i f i c a n t l y  more a c t i v e  f o l l o w i n g  d r u g  a d m i n i s t r a t i o n  
t h a n  t h e  c o n t r o l  g r o u p .  T h i s  d a t a ,  t h e n ,  p o i n t s  v e r y  
s t r o n g l y  t o  t h e  p o s s i b i l i t y  t h a t  g l u t a m i c  a c i d  a d m i n i s ­
t r a t i o n  i n  some way a f f e c t e d  t h e  l e a r n i n g  a b i l i t y  p e r  s e  
o f  t h e s e  S s .
I t  i s  n o t  p o s s i b l e  a t  t h i s  t im e  t o  s p e c i f y  a s  t o  
what  b i o c h e m i c a l  p r o p e r t y  o f  g l u t a m i c  a c i d  may h a v e  p r o ­
d u c e d  t h i s  e f f e c t .  However,  t h e  n o t i o n  t h a t  g l u t a m i c  a c i d  
may be  a  s y n a p t i c  t r a n s m i t t e r  s u b s t a n c e  ( C u r t i s  & W a t k in s ,  
1965)  o r  p l a y  some o t h e r  v e r y  s p e c i f i c  r o l e  i n  n e u r a l  p r o ­
c e s s e s  i s  h i g h l y  t e n a b l e  I n  v iew  o f  t h i s  e x p e r i m e n t .
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C e r t a i n l y  i f  g l u t a m i c  a c i d  d o e s  a f f e c t  t h e  l e a r n i n g  p r o -  
c e s s  p e r  JL® i t  p r o b a b l y  h a s  a more i n t r i c a t e  r o l e  i n  b r a i n  
f u n c t i o n  t h a n  c o n t r o l l i n g  t h e  g r o s s  l e v e l  o f  n e u r a l  a c t i ­
v i t y  a s  E l l i o t t  and van  G e ld e r  (1958)  s u g g e s t e d .
However,  t h e  p o s s i b i l i t y  t h a t  t h e  l e a r n i n g  d i f ­
f e r e n c e s  o b t a i n e d  i n  t h i s  e x p e r i m e n t  w e re  due  t o  a c t i v a ­
t i o n  e f f e c t s  c a n n o t  be  c o m p l e t e l y  r u l e d  o u t .  I t  s h o u ld  be 
n o t e d  t h a t  l a t e n c y  m e a s u r e s  a r e ’n o t  known t o  b e  a s e n s i ­
t i v e  d e p e n d e n t  v a r i a b l e  w i t h  r e s p e c t  t o  t h e  Thompson bo x .  
S u p p o r t  f o r  t h i s  c a n  be  s e e n  i n  t h e  p r e s e n t  e x p e r i m e n t ;  
t h e  a c t i v i t y  m e a s u r e s  o f  t h e  AOAA g ro u p s  w ere  s i g n i f i ­
c a n t l y  d e p r e s s e d  b u t  t h i s  was n o t  r e f l e c t e d  i n  t h e  l a t e n c y  
d a t a  t a k e n  d u r i n g  a c q u i s i t i o n .  I t  s h o u l d  a l s o  be  n o t e d  
t h a t  t h e  a c t i v i t y  m e a su re  t a k e n  was o f  a f a i r l y  g r o s s
n a t u r e  and i t  may n o t  h a v e  b e e n  s e n s i t i v e  enough t o  d e t e c t  
r
an  i n c r e a s e  i n  a c t i v i t y  w h ich  c o u ld  be  r e f l e c t e d  i n  a  
f a c i l i t a t i o n  o f  l e a r n i n g .  Such  a n . i n t e r p r e t a t i o n  would 
be  c o n g r u e n t  w i t h  t h e  known p h a rm aco lo g y  o f  g l u t a m i c  a c i d  
b u t  i s  n o t  f a v o r e d  by  t h e  a u t h o r .
I n  any  c a s e ,  t h i s  l e a r n i n g  f a c i l i t a t i o n  a g r e e s  
w i t h  t h e  d a t a  o b t a i n e d  by Zimmerman and R oss  ( 1 9 ^ )  * A l b e r t  
and Warden (1 9 M f) ,  and  Hughes and Zubek ( 1 9 5 6 ) ;  a l l  o f  
whom foun d  o r a l l y  a d m i n i s t e r e d  g l u t a m i c  a c i d  t o  f a c i l i t a t e  
l e a r n i n g  i n  r a t s .  T h i s  s t u d y  a l s o  l e n d s  c r e d e n c e  t o  t h e  
t h e s i s  o f  Voge l  e t  a l .  (1966)  t h a t  g l u t a m i c  a c i d  a d m i n i s ­
t r a t i o n  h a s  b e n e f i c i a l  e f f e c t s  upon c o g n i t i v e  f u n c t i o n i n g .
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F u t u r e  r e s e a r c h  w i t h  t h e  d r u g  c o u l d  f o c u s  on t h e  param­
e t e r s  o f  t h e  d r u g  e f f e c t  and t h e  a s p e c t s  o f  t h e  l e a r n i n g  
p r o c e s s  t h a t  a r e  p a r t i c u l a r l y  a f f e c t e d .  I t  s h o u l d  be  
n o t e d  t h a t  t h e  p r e s e n t  d a t a  i s  e q u i v o c a l  a s  t o  w h e t h e r  o r  
n o t  t h e  low d o s a g e  g l u t a m i c  a c i d  g ro u p  showed a t r e a t m e n t  
e f f e c t  o r  n o t .  I n  t e rm s  o f  t r i a l s  t o  c r i t e r i o n  t h i s  g ro u p  
i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom  e i t h e r  t h e  c o n t r o l  
g ro u p  o r  t h e  h i g h  d o s a g e  g l u t a m i c  a c i d  g r o u p ,  a l t h o u g h  i t  
i s  i n  t h e  p r e d i c t e d  d i r e c t i o n .
W ith  r e s p e c t  t o  t h e  l e a r n i n g  d a t a  f o r  t h e  AOAA 
g r o u p s ,  n e i t h e r  g ro up  d i f f e r s  s i g n i f i c a n t l y  f ro m  t h e  c o n ­
t r o l  g r o u p .  Thus t h e  p r e d i c t i o n  t h a t  i n c r e a s e d  b r a i n  GABA 
l e v e l s ,  o b t a i n e d  v i a  AOAA a d m i n i s t r a t i o n ,  would d e p r e s s  
a c q u i s i t i o n  was n o t  b o r n e  o u t .  However,  t h e  d i f f e r e n c e  
b e tw ee n  t h e  two AOAA g r o u p s  a p p r o a c h e s  s t a t i s t i c a l  s i g n i ­
f i c a n c e  ( . 0 5  <■ P <• . 1 0 )  and i t  seems a p p a r e n t  t o  t h e  
a u t h o r  t h a t  AOAA a d m i n i s t r a t i o n  may h a v e  a d o s e - s p e c i f i c  
e f f e c t  upon  a c q u i s i t i o n .  I t  may w e l l  be t h a t  a h i g h e r  
d o s e  l e v e l  would d e p r e s s  l e a r n i n g  w h i l e  a lo w e r  d o s e  l e v e l  
would  f a c i l i t a t e  l e a r n i n g .  Such  an  i n v e r t e d  U sh a p ed  d o s e -  
r e s p o n s e  f u n c t i o n  i s  n o t  u n u s u a l  i n  b e h a v i o r a l  d r u g  r e ­
s e a r c h .  T h i s  i s ,  o f  c o u r s e ,  o n l y  t h e  a u t h o r ’ s  s p e c u l a t i o n  
and a  p a r a m e t r i c  s t u d y  would be  r e q u i r e d  t o  o b t a i n  t h e  
d o s e - r e s p o n s e  f u n c t i o n  f o r  AOAA.
The a c t i v i t y  d a t a  f o r  t h e  AOAA g ro u p s  i n d i c a t e s  a
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c l e a r  s u p p r e s s i o n  o f  a c t i v i t y  f o l l o w i n g  d r u g  a d m i n i s t r a ­
t i o n ,  B o th  g ro u p s  d i f f e r  s i g n i f i c a n t l y  f rom t h e  c o n t r o l  
and g l u t a m i c  a c i d  g r o u p s  b u t  n o t  f rom  e ac h  o t h e r .  T h i s  
r e s u l t  b e a r s  o u t  t h e  p r e d i c t i o n  t h a t  I n c r e a s e d  b r a i n  GABA 
l e v e l s  w i l l  d e p r e s s  a c t i v i t y .
I t  i s  d i f f i c u l t ,  h o w e v e r ,  t o  s p e c i f y  t h e  e x a c t  
b i o c h e m i c a l  e f f e c t  o f  AOAA upon  c e r e b r a l  m e t a b o l i s m .  I t  
may o r  may n o t  be t h a t  t h e  b e h a v i o r a l  e f f e c t s  o f  AOAA a r e  
due  e n t i r e l y  t o  i n c r e a s e d  b r a i n  GABA l e v e l s .  Pharm aco­
l o g i c a l l y ,  l i t t l e  i s  Known a b o u t  AOAA e x c e p t  t h a t  i t  
b l o c k s  GABA t r a n s a m i n a s e .  T h i s  b l o c k a g e ,  o f  c o u r s e ,  r a i s e s  
b r a i n  GABA l e v e l s  b u t  a m e t a b o l i c  b l o c k a g e  i n  t h e  b r a i n  
a t  any p o i n t  c o u l d  r e s u l t  i n  an  u p s e t  o f  many m e t a b o l i c  
p r o c e s s e s  f a r  removed f rom t h e  m e t a b o l i c  c y c l e  b e in g  tam­
p e r e d  w i t h .
I t  i s  e v i d e n t ,  t h e n ,  t h a t  much more r e s e a r c h  n e ed s  
t o  be  done  i n  t h i s  a r e a .  The e x a c t  n a t u r e  o f  t h e  e f f e c t s  
o f  g l u t a m i c  a c i d  and AOAA h a s  y e t  t o  be  f u l l y  e l u c i d a t e d  
and t h e  p h y s i o l o g i c a l  b a s i s  f o r  t h e s e  e f f e c t s  c a n n o t  be 
c l e a r l y  s p e c i f i e d .
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V. SUMMARY
The p u r p o s e  o f  t h e  e x p e r im e n t  was t o  d e t e r m i n e  
t h e  g r o s s  e f f e c t s  o f  g l u t a m i c  a c i d  and g a m m a-am in o bu ty r ic  
a c i d  (GABA) upon  l e a r n i n g  and a c t i v i t y  i n  r a t s .  S i n c e  
GABA w i l l  n o t  c r o s s  t h e  b l o o d - b r a i n  b a r r i e r ,  am inooxya-  
c e t i c  a c i d  (AOAA), a d r u g  known t o  r a i s e  b r a i n  GABA l e v e l s ,  
was a d m i n i s t e r e d  i n  i t s  p l a c e .
I t  was found  t h a t  i n t r a p e r i t o n e a l  I n j e c t i o n  o f  
**0 mg/kg o f  g l u t a m i c  a c i d  r e s u l t e d  i n  a  s i g n i f i c a n t  f a c i l i ­
t a t i o n  o f  a c q u i s i t i o n  b u t  d i d  n o t  i n c r e a s e  t h e  a c t i v i t y  
o f  t h e  S s .  AOAA i n j e c t i o n s  r e s u l t e d  i n  a  s i g n i f i c a n t  d e ­
p r e s s i o n  o f  a c t i v i t y  b u t  d i d  n o t  s i g n i f i c a n t l y  a l t e r  t h e  
l e a r n i n g  r a t e s  o f  t h e  S s .
Th ese  r e s u l t s  i n d i c a t e d  t h a t  g l u t a m i c  a c i d  may 
h a v e  a f f e c t e d  t h e  l e a r n i n g  p r o c e s s  p e r  s e  and s u g g e s t e d  
t h a t  AOAA may h a v e  a  d o s e - s p e c i f i c  e f f e c t  upon  l e a r n i n g .
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APPENDIX
GABA and G lu t a m ic  
A c id  M e ta b o l i s m
G lu ta m ic  a c i d  and GABA s h a r e  a  common m e t a b o l i c  
p a th w a y .  B o th  a r e  n o n e s s e n t i a l  amino a c i d s  m e t a b o l i z e d  
i n  t h e  c e n t r a l  n e r v o u s  s y s t e m .  A p p a r e n t l y ,  t h e  m a jo r  
s o u r c e  o f  b r a i n  g l u t a m i c  a c i d  i s  t h e  d e h y d r o g e n e r a t i o n  o f  
a l p h a - k e t o - g l u t a r i c  a c i d  which  i s  an  i n t e r m e d i a r y  i n  t h e  
t r i c a r b o x i l i e  a c i d  c y c l e  (T ow er ,  1 9 5 9 ) .  G lu ta m ic  a c i d  
may a l s o  be  formed v i a  t r a n s a m i n a t i o n  o f  a l p h a - k e t o -  
g l u t a r i c  a c i d .  B o th  o f  t h e s e  r e a c t i o n s  a r e  r e v e r s i b l e  
p r o v i d i n g  pa th w ay s  f o r  t h e  r e m o v a l  o f  g l u t a m i c  a c i d  as  
w e l l  a s  i t s  s y n t h e s i s .  G lu ta m ic  a c i d  c a n  a l s o  be am i-  
d a t e d  t o  form g l u t a m i n e  and t h i s  r e a c t i o n  i s  a l s o  r e v e r ­
s i b l e .  The f o r m a t i o n  ..of g l u t a m i n e  from g l u t a m i c  a c i d  
s e r v e s  a s  an  i n t r a c e l l u l a r  mechanism f o r  t h e  b i n d i n g  
( d e t o x i c a t i o n )  o f  ammonia ( W e i l - M a l h e r b e ,  1 9 5 0 ) .  The im­
p o r t a n c e  o f  t h i s  r e a c t i o n  i s  n o t  o v e rw h e lm in g ,  how ev er ,  
and W e i l r M a l h e r b e  (1950)  h as  s t a t e d  t h a t  t h e  ammonia- 
b i n d i n g  f u n c t i o n  o f  g l u t a m i c  a c i d  i s  " a  s o r t  o f  b y - p r o d u c t  
and t h e  t r u e  s i g n i f i c a n c e  o f  t h e  s i n g u l a r  p o s i t i o n  o f  
g l u t a m i c  a c i d  i s  so u g h t  e l s e w h e r e . "  G lu ta m ic  a c i d  c a n  
p a r t i c i p a t e  i n  p r o t e i n  s y n t h e s i s  i n s o f a r  a s  i t  c a n  combine 
w i t h  a p e p t i d e  i n  t h e  p r e s e n c e  o f  ATP t o  form a g l u t a m i c
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a c i d  c o n t a i n i n g  p e p t i d e ,  i . e . ,  g l u t a t h i o n e  ( S o u r k e s ,  1 9 6 2 ) .
GABA h a s  g l u t a m i c  a c i d  as  i t s  im m e d ia te  m e t a b o l i c  
p r e c u r s o r  and i s  s y n t h e s i z e d  v i a  t h e  d e c a r b o x y l a t i o n  o f  
g l u t a m i c  a c i d  ( s e e  F i g u r e  3)«  GABA c a n  a l s o  be  fo rm ed  a s  
a  p r o d u c t  o f  a  t r a n s a m i n a t i o n  o f  g l u t a m i c  a c i d  t o  a l p h a -  
k e t o g l u t a r i c  a c i d  ( E l l i o t t  and J a s p e r ,  1 9 5 9 ) .  The p r i n ­
c i p a l  r o u t e  f o r  t h e  b reakdown o f  GABA i s  t h e  r e v e r s e  t r a n s ­
a m i n a t i o n  by w h ich  GABA i s  c o n v e r t e d  t o  s u c c i n i c  s e m i ­
a ld e h y d e  and g l u t a m i c  a c i d .  I t  i s  t h i s  r e a c t i o n  w h ic h  i s  
b l o c k e d  v i a  t h e  i n h i b i t i o n  o f  GABA t r a n s a m i n a s e  by AOAA 
( W a l l a c h ,  1 9 6 1 ) .  GABA can  a l s o  be t r a n s a m i d a t e d  t o  gamma- 
g u a n i d i n o b u t y r i c  a c i d  o r  o x i d a t e d  t o  g a m m a-a m in o c ro to n ic  
a c i d  ( E i d u s o n ,  196*+).
S u c c i n i c  s e m ia ld e h y d e  c a n  be  o x i d i z e d  d i r e c t l y  
i n t o  s u c c i n i c  a c i d  w h ic h  i s  a n i n t e r m e d i a r y  i n  t h e  t r i ­
c a r b o x y l i c  a c i d  c y c l e  a l o n g  w i t h  a l p h a - k e t o g l u t a r i c  a c i d .  
S i n c e  t h e  t r i c a r b o x y l i c  a c i d  c y c l e  i s  t h e  m a jo r  s o u r c e  o f  
e n e r g y  f o r  t h e  c e l l ,  t h e  f a c t  t h a t  two o f  i t s  i n t e r m e d i ­
a r i e s  a r e  b u t  few m e t a b o l i c  s t e p s  removed f rom  g l u t a m i c  
a c i d  o r  GABA may e x p l a i n  why g l u t a m i c  a c i d  and GABA hav e  
b een  shown t o  s u p p o r t  c e l l  r e s p i r a t i o n  i n  p l a c e  o f  g l u c o s e  
( W a e l s c h ,  1951 ;  McKhann e t  a l . , I 9 6 0 ) .
The m e t a b o l i c  c y c l e s  o f  g l u t a m i c  and GABA a r e  sum­
m a r i z e d  i n  F i g u r e  k .
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F i g .  3 . — D e c a r b o x y l a t i o n  o f  g l u t a m i c  a c i d  
and f o r m u la  f o r  a m i n o o x y a c e t i c  a c i d  ( a d a p t e d  
f rom Ochs,  1965s P* ^ 1 1 ) •
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F i g .  4 . — S c h e m a t i c  R e p r e s e n t a t i o n  o f  t h e  
M e t a b o l i c  R e l a t i o n s h i p s  o f  G lu ta m ic  Acid  and GABA 
i n  t h e  CNS (Adapted  from R o b e r t s ,  Wein, and  S im onsen , ’ . 
1 964 ;  p .  5 1 7 ) .
